Abstract: An organic-inorganic composite, poly-o-toluidine Zr(IV) phosphate and nylon-6,6 Sn(IV) phosphate was chemically synthesized by mixing ortho-toluidine and nylon-6,6 into the gel of Zr(IV) phosphate and Sn(IV) phosphate in different mixing volume ratios. The particle diffusion mechanism is confirmed by the linear τ (dimensionless time parameter) vs. t (time) plots. This study revealed the exchange process controlled by the diffusion within the exchanger particles. Some physical parameters like self-diffusion coefficient (D 0 ) , activation energy (E a ) and entropy of activation (∆S°) have been evaluated under conditions favoring a particle diffusion-controlled mechanism.
Introduction
Ion exchange separations are essentials parts of different techniques and technologies. Various applications of ion exchangers can be found in pharmaceauticals and medicine 1-3 , recuperation of metals 4 , biotechnology 5 catalysis 6 , food production [7] [8] [9] [10] [11] [12] , recycling of industrial waste [13] [14] , microelectronics, nuclear industry [15] [16] [17] , potable water preparation [18] [19] [20] and many other areas. Ion exchange is a powerful tool in chemical analysis and scientific research. The course can be useful for students studying Chemistry, Chemical Technology and materials Chemistry as well as for industrial specialists working with ion exchange or separation processes 21 . Ion exchange is also widely used in the food & beverage, hydrometallurgical, metals finishing, chemical & petrochemical, pharmaceutical, sugar & sweeteners, ground & potable water, nuclear, softening & industrial water, semiconductor, power and a host of other industries.The poly-o-toluidine Zr(IV) phosphate nanocomposite and fibrous nylon-6,6 Sn(IV) phosphate cation-exchanger was selective for Hg(II) having good cation-exchange capacity. Various ion-exchange studies of the composites are carried out. Separation of Hg(II) from other heavy metal ions have been done by this exchangers.
RESEARCH ARTICLE
Poly-o-toluidine Zr(IV) phosphate, a nano-composite and nylon-6,6 Sn(IV) phosphate, a fibrous cation-exchange materials have shown excellent ion-exchange properties. The mechanism of ion exchange can be explained taking into account of ion-exchange equilibrium with respect to time and the phenomenon of ion-exchange is considered as diffusion of ion through particles of the exchanger and its adherent film. With the help of experimental data and mathematical computations some physical parameters like self diffusion co-efficient (D 0 ), energy of activation (E a ) and entropy of activation (∆S 0 ) are obtained.
Experimental
The main reagents used were obtained from CDH, Loba Chemie, E-Merck and Qualigens (India Ltd., used as received). All other reagents and chemicals were of analytical grade. Following instruments were used during present research work: digital pH-meter (Elico Li-10, India); a digital potentiometer (Equiptronics EQ 609, India); an electronic balance (digital, Sartorius-21OS, Japan) and an automatic temperature controlled water bath incubator shaker -Elcon (India) were used.
Preparation of organic-inorganic composite cation exchanger

Preparation of poly-o-toluidine Zr(IV) phosphate
The composite cation-exchanger was prepared by the sol-gel mixing of poly-o-toluidine, an organic polymer, into the inorganic precipitate of Zr(IV) phosphate. In this process, when the gels of poly-o-toluidine were added to the white inorganic precipitate of Zr(IV) phosphate with a constant stirring, the resultant mixture were turned slowly into a greenish black colored slurries. The resultant slurries were kept for 24 hours at room temperature. Now the poly-o-toluidine based composite cation-exchanger gels were filtered off, washed thoroughly with demineralized water (DMW) to remove excess acid and any adhering traces of potassium per sulphate. The washed gels were dried over P 4 O 10 at 30 °C in an oven. The dried products were immersed in DMW to obtain small granules. Samples were converted to the H + form by keeping in 1 M HNO 3 solution for 24 hours with occasionally shaking intermittently replacing the supernatant liquid. The excess acid was removed after several washing with DMW. The material was finally dried at 40 °C and sieving to obtain particles of particular size range (~125 µm). Hence a number of poly-otoluidine Zr(IV) phosphate nanocomposite cation-exchanger samples were prepared and on the basis of Na + ion-exchange capacity (i.e.c.), percent of yield and physical appearance, sample S-5 ( -3 HCl at the flow rate of 0.50 cm 3 min -1 to solutions of 0.10 mol dm -3 disodium hydrogen orthophosphate (Na 2 HPO 4 ) solution prepared in DMW of different molarities. The white precipitates were obtained, when the pH of the mixtures was adjusted 1.0 by adding aqueous ammonia with constant stirring. The gels of nylon-6,6 prepared in concentrated formic acid were added into the white inorganic precipitate of Sn(IV) phosphate and mixed thoroughly with constant stirring. The white fibers were obtained which were kept for 24 h at room temperature for digestion. The supernatant liquid was decanted and fibers were filtered by suction. The excess acid was removed by several washings with DMW and the materials were dried in an air oven over P 4 O 10 at 40 °C. The dried products were converted to H + -form by treating with 1.0 mol dm -3 HNO 3 for 24 h with occasional shaking intermittently replacing the supernatant liquid with fresh acid. The excess acid was removed after several washings with DMW and finally dried at 50 °C. Hence, a number of samples of 'nylon-6,6 Sn(IV) phosphate' fibrous cationexchanger were prepared (Table 2 ) and on the basis of Na + ion-exchange capacity (IEC), percentage of yield and physical appearance of material, sample P-4 was selected for detailed studies. 
Ion-exchange kinetics
The kinetic behavior of cation-exchange material for the exchange of various metal ions was studied on the composite cation-exchanger samples (S-5 and P-4) in the H + form.
Determination of infinite time of exchange
The infinite time of exchange is the time necessary to obtain equilibrium in an ion-exchange process. The ion-exchange rate becomes independent of time after this time interval as evident from Figure 1 and Figure 2 . About 35 minutes for sample S-5 and 40 minute for sample P-4 were required for the establishment of equilibrium at 30 °C 
Kinetic measurements
The composite cation-exchange material samples (S-5 and P-4) were grounded and then sieved to obtain particles of definite mesh size (25-50, 50-70, 70-100 and 100-125). Out of them the particles of mean radii ~125 µm (50-70 mesh) were selected to evaluate various kinetic parameters. The rate of exchange was determined by limited bath technique as follows:
Twenty milliliter fractions of the 0.03 M metal ion solutions (Mg, Ca, Sr, Ba, Ni, Cu, Mn and Zn) were shaken with 200 mg of the cation-exchangers in H + -form in several stoppered conical flasks at the desired temperatures for different time intervals (1.0, 2.0, 3.0, 4.0 and 5.0 min). The supernatant liquid was removed immediately and determinations were made, usually by EDTA titration 22 . Each set was repeated four times and the mean value was taken for calculations.
Analytical procedures
The results are expressed in terms of the fractional attainment of equilibrium, ( ) 
Results and Discussion
Various samples of a new and novel organic-inorganic composite cation-exchange material have been developed by the incorporation of polymer poly-o-toluidine and nylon-6,6 into the inorganic matrices of Zr(IV) phosphate and fibrous Sn(IV) phosphate. Due to high percentage of yield, better ion-exchange capacity, reproducible behavior, chemical and thermal stabilities samples S-5 and P-4 were chosen for detail ion-exchange studies. These composite cation-exchange materials possessed a better Na + ion-exchange capacity (1.71 meq g -1 ) for POTZr(IV)P as compared to inorganic precipitate of Zr(IV) phosphate (0.34 meq g -1 ) and (2.1 meq g -1 ) for nylon 6,6 Sn(IV) phosphate as compared to Sn(IV) phosphate (2.35 meq g -1 ). 
Ion-exchange kinetic studies on poly-o-toluidine Zr(IV) phosphate and nylon-6,6 Sn(IV) phosphate composite materials
Kinetic measurements were made under conditions favoring a particle diffusion-controlled ion-exchange phenomenon for the exchange of Mg(
II)-H(I), Ca(II)-H(I), Sr(II)-H(I), Ba(II)-H(I), Ni(II)-H(I), Cu(II)-H(I), Mn(II)-H(I) and Zn(II)-H(I)
. The particle diffusion controlled phenomenon is favored by a high metal ion concentration, a relatively large particle size of the exchanger and vigorous shaking of the exchanging mixture. The infinite time of exchange is the time necessary to obtain equilibrium in an ionexchange process. The ion-exchange rate becomes independent of time after this interval. Figure 1 and Figure 2 shows that 35 and 40 min were required for the establishment of equilibrium at 30 °C for Mg 2+ -H + exchange for poly-o-toluidine Zr(IV) phosphate (S-5) and nylon-6,6 Sn(IV) phosphate (P-4) respectively. Similar behavior was observed for Ca A study of the concentration effect on the rate of exchange at 30 °C showed that the initial rate of exchange was proportional to the metal ion concentration at and above 0.03 M for poly-o-toluidine Zr(IV) phosphate, S-5 ( Figure 3 ) while 0.04 M for nylon-6,6 Sn(IV) phosphate, P-4 ( Figure 4 ). Below the concentration of 0.02 M, film diffusion control was more prominent for the materials. Figure 6 ) indicated that the fractional attainment of equilibrium was faster at a higher temperature suggesting that the mobility of the ions increased with the increase in temperature and the uptake decreased with time. Each value of U(τ) will have a corresponding value of τ a dimensionless time parameter. On the basis of the Nernst-Planck equation, the numerical results can be expressed by explicit approximation [23] [24] [25] . 
( )
Each value of ( ) τ U will have a corresponding value of τ which is obtained on solving Eq. (ii) using a computer. The plots of τ versus time (t) at the four temperatures, as shown in Figure 7 and Figure 8 , are straight lines passing through the origin, confirming the particle diffusion control phenomenon for M(II)-H(I) exchanges at a metal ion concentration of 0.03 M for poly-o-toluidine Zr(IV) phosphate (S-5) while 0.04 M for nylon-6,6 Sn(IV) phosphate.
The slopes (S values) of various τ versus time (t) plots are given in Table 3 and Table 4 . 
Where d is the ionic jump distance taken as 5 A°, k is the Boltzmann 26 constant, R is the gas constant, h is Plank's constant and T is taken as 273 K. The values of the diffusion coefficient (D 0 ), energy of activation (E a ) and entropy of activation (∆S°), thus obtained are summarized in Table 5 and Table 6 .
The kinetic study reveals that equilibrium is attained faster at a higher temperature ( Figure 7 and Figure 8 ), probably because of a higher diffusion rate of ions through the thermally enlarged interstitial positions of the ion-exchange matrix. The particle diffusion phenomenon is evident from the straight lines passing through the origin for the τ versus time (t) plots, as shown in Figure 9 and Figure 10 . Negative values of the entropy of activation suggest a greater degree of order achieved during the forward ion-exchange in M(II)-H(I) process. From the Table 5 and Table 6 , it is observed that the self-diffusion co-efficient is highest for Ba 2+ ion. As ionic radii of Ba 2+ ion is greater, the Ba 2+ ion is least hydrated and therefore its self-diffusion co-efficient is higher. 
Conclusion
Poly-o-toluidine Zr(IV) phosphate, a nonocomposite cation-exchange material, having excellent ion-exchange capacity (1.71 meq g -1 ) as compared to inorganic precipitate of Zr(IV) phosphate (0.34 meq g -1 ) and (2.1 meq g -1 ) for nylon 6,6 Sn(IV) phosphate, a fibrous cation-exchange material as compared to Sn(IV) phosphate (2.35 meq g -1 ) have been synthesized by sol gel method and taken for detailed ion exchange studies. Linear τ (dimensionless time parameter) vs. t (time) plots suggests the particle diffusion mechanism of ion exchange. Further, various kinetic parameters like self-diffusion coefficient (D 0 ), Energy of activation (E a ) and entropies of activation (∆S°) have been evaluated under condition favoring a particle diffusion-controlled mechanism. Nylon-6,6 Sn(IV) phosphate shows better cationexchange kinetic studies than poly-o-toluidine Zr(IV) phosphate.
